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ates of cardiovascular disease (CVD) mortality have decreased in recent years due to a combination of prevention and treatment efforts. Following lifestyle recommendations and meeting standard metrics of cardiovascular health can improve CVD risk factors and decreases CVDrelated mortality risk. [1] [2] [3] [4] [5] Diet is an important modifiable risk factor, and the amount and type of dietary fat consumed has become one focus for dietary interventions. 3, [5] [6] [7] [8] Recommendations for fatty acid intake have been issued to the public for the purposes of reducing CVD risk. The United States Department of Agriculture (USDA) 2010 Dietary Guidelines for Americans recommend daily total fat intake of 20% to 35% of energy intake, with saturated fatty acid (SFA) intake of <10% of energy and trans fatty acid intake as low as possible. 9 Similarly, the American Heart Association (AHA)
recommends that intake of SFA be restricted to 5% to 6% of total energy intake and trans fatty acid intake to <1%. 10, 11 In addition, the USDA and American Heart Association recommend increasing omega-3 intake, with a goal of consuming %0.25 g of docosahexaenoic acid (DHA) and eicosapentaenoic acid (EPA) per day. 9, 10 Is the American diet becoming more consistent with these recommendations? Data available to evaluate trends in fatty acid intake in the US population over the last several decades are limited, particularly with regard to examining changes in the trans fatty acid, DHA, and EPA content of the diet. 12, 13 To contribute to the limited number of studies on this topic, the present analysis examines changes in intake of total fat and fatty acids from 1980-1982 through 2007-2009 using data on adults from the Minnesota Heart Survey.
Methods Study Design
The design of the Minnesota Heart Survey has been previously described in detail. 14 Briefly, surveys were conducted in 1980-1982, 1985-1987, 1990-1992, 1995-1997, 2000-2002, and 2007-2009 
Survey Sample Selection
A detailed description of sample selection in the Minnesota Heart Survey has been published previously. 14 
Data Collection
Data were collected via a combination of home interviews and local clinic visits. The 15-to 45-minute home interview was performed by trained staff members to obtain sociodemographic characteristics, medical history, smoking habits, and information regarding health knowledge, attitudes, and beliefs. During the clinic visit, height and weight were measured using standard procedures. Body mass index was calculated as weight (kg) divided by height (m 2 ). Data regarding dietary intake and physical activity were also collected during the clinic visit. The response rate for both the home interview and clinic visit ranged from 60% to 69% across the survey periods among eligible individuals, with completers being slightly more likely to be married, better educated, employed, and nonsmokers.
Dietary Intake Data
One 24-hour dietary recall was administered in a systematic 50% sample of participants who completed the clinic visit in all surveys, except in 2000-2002 when all participants were asked to complete a 24-hour dietary recall. To achieve a 50% sample for dietary recalls, every other participant who attended a clinic visit was asked to complete a dietary recall. Generally, there were no demographic differences between those who completed the recalls and those who did not in each survey period with the exception of age. For some survey periods, those who completed a recall were slightly older than those who did not. Collection of dietary data remained similar across the 6 survey periods. The 24-hour dietary recalls were collected by interviewers who were trained and certified by the University of Minnesota Nutrition Coordinating Center (NCC) (Minneapolis, MN). Data were gathered from participants using a multiplepass approach, 12 with brand-specific information collected for food product categories where nutrient content differs markedly by brand. Three-dimensional food models along with visual aids (eg, household measuring cups and spoons, rulers) were available to assist participants in estimating the amount of food consumed. Beginning in 1995-1997 and all subsequent surveys, a computerized data-entry method (Nutrition Data System for Research) was utilized, 16 as compared to a paperand-pencil manual collection method in prior survey years. To determine the comparability of the manual and computer-based collection methods, 107 participants completed dietary recalls using both methods during their clinic visit for the 1995-1997 survey. The differences in total energy (3.2 kcal), total fat (1.8 g), and percent energy from fat (1.1%) were not significantly different between the 2 methods (P>0.05).
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Fatty Acid Intake Estimates
Nutrient intake estimates were calculated using the University of Minnesota NCC Food and Nutrient Database. 18 This database is expanded and updated on an ongoing basis, with a new version released annually. The expansion and update work has 2 foci: (1) to keep the foods in the database comprehensive and up-to-date with the marketplace, and (2) to update and expand nutrients and other food components in the database. In 1998 and 2002, trans and omega-3 fatty acids were added, respectively, to the database. Trans fatty acids added include 16:1 trans (trans-hexadecenoic acid), 18:1 trans (trans-octadecenoic acid), and 18:2 trans (trans-octadecadienoic acid), which encompassed cis-trans, trans-cis, and transtrans forms, and combined, comprise total trans fatty acids. To obtain DHA, EPA, and trans fatty acid intake estimates for dietary recalls collected in the survey years before their addition to the database, a procedure within Nutrition Data System for Research that allows for automatically recalculating nutrient intake estimates using the most current version of the NCC Food and Nutrient Database available was utilized. This recalculation process is possible due to the time-related design of the NCC Food and Nutrient Database, with reformulated and discontinued foods kept in the database and assigned values for new nutrients added over time.
Fatty acid values for foods in the database are compiled from various sources. The USDA National Nutrient Database for Standard Reference is the preferred source. Because the Standard Reference does not provide fatty acid values for many foods in the NCC Food and Nutrient Database, other sources of data are utilized including scientific literature and manufacturers' information (for brand name products in the database). As a result of use of a variety of data sources and application of standard imputation procedures, 18 there are no missing values for foods containing the fatty acids examined in this article. An updated version of the NCC Food and Nutrient Database is released annually. USDA Standard Reference annual updates are incorporated into the database annually. Brand-specific updates to the database are done on a rotating basis, with different food categories updated each year. Thus, new products such as omega-3-enhanced eggs and product reformulations such as lower trans fat margarines are incorporated in the database. However, there is generally a lag of 1 to several years between the introduction/reformulation of a product in the marketplace and its addition to or update in the database.
Statistical Analysis
Data were analyzed using SAS version 9.3 (SAS Institute, Cary, NC). Only participants aged 25 to 74 with completed dietary recalls were included in the analysis (n=12 526).
A generalized linear mixed model (PROC MIXED) was used to estimate age-adjusted mean intakes of dietary fatty acids during each survey period and to test the null hypothesis of no difference in means between 1980-1982 and 2007-2009 . Linear trend tests were also conducted to characterize change in intake over the survey periods. Neighborhood cluster was included as a random-effect term in these models to correct for design effects, which inflated the variance of sample means compared to what they would have been if considered independent (without the neighborhood cluster). Because of the well-established differences between males and females in nutrient requirements and energy intake, all analyses examining trends in fatty acid intake were conducted stratified by sex. Fatty acids were generally examined as a percent of total energy because most recommendations are expressed in this unit. The individual omega-3 fatty acids EPA and DHA are reported in g/day because recommendations for these fatty acids are in this unit of measure.
Results
Demographic information is presented in Table 1 . Over the 6 survey periods, a total of 5869 men and 6657 women completed dietary recalls. With successive surveys, the proportion of participants with college or vocational education increased, as did the proportions that were nonwhite and obese (body mass index ≥30). Age-adjusted mean intakes of energy, total fat, and fatty acids among men are presented in Table 2 . Percent of calories from total fat decreased from 38.7% in 1980-1982 to 33.3% in 2007-2009, a 14.0% decrease (P<0.001). SFA, monounsaturated fatty acid, and total trans fatty acid intakes also decreased (P for change <0.001 for all). Trans fatty acid intake decreased from 2.9% of energy to 1.9% in men, a significant reduction of 32.3%. Intake of individual trans fatty acids followed a similar pattern, with intake of 16:1, 18:1, and 18:2 trans fatty acids decreasing significantly over time (data not shown). While total polyunsaturated fatty acid (PUFA) intake exhibited a significant trend across surveys, only a small nonsignificant change in intake between [1980] [1981] [1982] Similar trends were observed in women (Table 3) . Total fat, SFA, monounsaturated fatty acid, and trans fatty acid intake as a percent of total energy decreased significantly over the study period in women. Total fat intake as a percent of energy decreased from 38.4% to 32.9% between 1980-1982 and 2007-2009 (P for change <0.0001). In addition, a 35.9% decrease in trans fatty acid intake was observed, such that intake was %1.7% of energy during the 2007-2009 study period. Intake of individual trans fatty acids followed a similar pattern, with intake of 16:1, 18:1, and 18:2 trans fatty acid as a percent of energy decreasing over time (data not shown). There was a significant trend toward an increased PUFA:SFA ratio for women. No significant trends in intake of specific omega-3 fatty acids were observed for women. Intakes of EPA and DHA remained very low, with women in 2007-2009 consuming 0.04 and 0.08 g/day of these fatty acids, respectively.
Discussion
Overall, the results of the present study demonstrate encouraging trends, but offer evidence that current dietary recommendations for fatty acid intake are not being met in this population. In both men and women, mean intake of total fat as a percent of energy was within recommended intake levels, as of the 2007-2009 survey. However, mean intakes of trans and SFA are higher than recommended levels, and mean intakes of DHA and EPA are lower than recommended levels.
Trans fatty acid intake, as a percent of energy, decreased by >30% in men and women. This represents a greater decline than was observed in total fat, SFAs, and monounsaturated fatty acids. Similar results have been reported previously, with downward trends in intake of trans fatty acids and plasma trans fatty acid concentrations observed over time in US population groups. 12, 13, 19 This is, however, the longest 20, 21 suggesting that the present data may be somewhat generalizable to the larger US population.
Trans fatty acid consumption in the most recent survey period (2007-2009) averaged close to 2% of total energy, which is above the <1% of total energy recommended by the American Heart Association. 10 In an effort to reduce trans fatty acid intake, in 2006 the FDA mandated that manufacturers report trans fatty acid content as part of the nutrition facts panel of packaged food products. 22 While this action appears to have spurred a decrease in the trans fatty acid content of many food products through the elimination or reduction of partially hydrogenated vegetable oils, 22 a number of foods have exhibited only a small decline in trans fatty acid content. 23, 24 In November 2013, the FDA began additional steps to rid the United States food market of trans fatty acids, by tentatively declaring partially hydrogenated vegetable oils as not generally recognized as safe for use in food products. 25 If finalized, this action by the FDA would prevent the use of partially hydrogenated vegetable oils by food manufacturers 25 and could lead to a further decline in trans fatty acid intake by the US population. Future research is necessary to determine the effects of this FDA action, if it is finalized. The results of this study also demonstrate low consumption levels of PUFAs, DHA and EPA. PUFA intakes remained steady over time, making up about 6% to 7% of caloric intake.
Similar levels of intake have been observed previously. 26 Intakes of EPA and DHA were on average 0.04 and 0.08 g/ day, respectively, in men and women in the most recent survey period. These levels of intake are similar to previous studies. 27, 28 Current recommendations from the USDA are to consume 0.25 g/day of a combination of EPA and DHA to reduce rates of cardiac death. 9 To meet this recommendation, twice the current level of consumption is needed. Given the stability in EPA and DHA over the last 30 years, current strategies to increase consumption of these omega-3 fatty acids may not be effective. However, because recommendations regarding omega-3 intake were first instituted in 2006, more time may be needed to observe any effect of the recommendation on population behavior. While the main source of omega-3 fatty acids is fish and seafood, consumption of these foods is low in the United States, as compared to consumption of other meats, accounting for only about 10% of total meat intake in National Health and Nutrition Examination Survey 2003-2004 subjects. 29 As a result, numerous food manufacturers have begun to offer omega-3-fortified foods in an effort to increase consumption. 26 Additional research is needed to determine the effect that such fortification may have on population-level patterns of intake.
The results of the present study represent an important analysis of trends in fatty acid intake within a US population group. To date, this is the longest cross-sectional survey study allowing for the examination of fatty acid intake patterns over nearly 30 years. The methodology for collecting 24-hour dietary recalls (multiple-pass approach; in-person recall collection; use Nutrition Data System for Research software and database, etc.) remained remarkably consistent across the study period. As a result, trends in intake reported in this study are unlikely to be artifacts of change in study methodology. This is an important point, as a caveat of National Health and Nutrition Examination Survey is that trends in food and nutrient intake observed may be artifacts of notable changes in dietary intake assessment methodology between some survey periods. 30 There are methodological issues that must be considered when interpreting findings. First, dietary intake was assessed via 24-hour dietary recalls. Underreporting of food intake is a pervasive problem with this method 31 and may have resulted in underestimation of intake of the fatty acids. In an attempt to account for this and to be consistent with the way recommendations have been issued, fatty acid intake estimates were examined as a percent of total energy intake. However, foods containing a high proportion of fat may be more likely to be underreported than foods that do not, 32 and as a result total fat and fatty acid intake as a percent of calories may also be underestimated. It is important to note that while this may result in underestimation of total fat and individual fatty acids, trends in fat consumption should be unaffected by this reporting bias, assuming the degree of underestimation of fat intake is similar over time.
It has been speculated that the magnitude of underreporting of intake may be increasing over time. Indeed, in our data we see evidence this may be the case because energy intake did not increase in accord with increasing rates of obesity over time. Rather, energy intake remained the same over time for men and increased in women between just 2 survey periods, a pattern that is inconsistent with the stepwise increase in obesity rates observed over time in this survey. If the magnitude of underreporting of energy intake increased over the survey period, trends in intake of fats reported in grams per day may be spurious. However, trends reported as a percent of total energy should not be affected, assuming underreporting is a worsening problem for all types of food prone to underreporting.
Another methodological consideration is that only one recall was collected from each participant in each survey. As a result, the proportion of survey participants with fatty acid intakes above or below the recommended levels cannot be determined. In addition, dietary supplement use was not assessed in a consistent manner across survey periods. As a result, trends in omega-3 supplement use, and the potential contribution of supplement use to overall omega-3 consumption level, cannot be examined.
Last, the participants were predominantly white men and women living in the Minneapolis-St. Paul area. As such, the results from the present study should be generalized only to similar populations. However, similarities between the present study and levels of intake reported from national data suggest that our results may generalize well to the US population.
In conclusion, results indicate that mean intakes of trans and SFA as a percent of total energy are higher than recommended levels, despite downward trends in intake. In addition, mean intakes of DHA and EPA are lower than recommended levels. Future research is needed to determine public health strategies to further reduce trans and SFA intake and to increase DHA and EPA intake in this population. This
